Peanut composition is influenced by several groups of factors: environmental, genetic, and their interaction. This study evaluated the relative contributions of these factors using data from the USDA-ARS quality testing program using samples from the multi-state Uniform Peanut Performance Tests (UPPT). Data were subjected to restricted maximum likelihood estimation of variance components reflecting the main effects of year, production region, location within region, genotype (cultivar or breeding line), and kernel grade (''seed size'') within genotype, and the interactions among these main effects. Genetic variation in oil content was low (9% of total variation); however, fatty acid composition of the oil was highly influenced by genotype (34-77%) with the exception of lignoceric acid (1%). Genetic influence on tocopherols was generally less than that of fatty acids. Environmental variation of tocopherols was greater than the variation attributable to genotype-by-environment interaction. The lowest genetic variation was observed in sugar content; however, environmental variation was high (68%). The magnitude of genetic influence on oil content and fatty acid concentrations suggests that these traits are amenable to improvement through breeding.
Flavor and texture are the aspects of sensory quality most often mentioned as important by processors of peanut (Arachis hypogaea L.) in the USA. Manufacturers of peanut products desire to deliver products with consistent flavor and texture. Composition influences the flavor and texture of roasted peanuts and peanut products (Ahmed and Young, 1982; Ahmed and Ali, 1986) . Therefore, development of peanut cultivars whose seed composition profiles do not vary greatly from those of existing cultivars is desirable. However, peanut composition is influenced by several groups of factors including environmental factors (associated with years, production regions, locations within regions, and interactions of region and location with year), genetic factors (cultivars or breeding lines), and interaction between environmental and genetic factors (genotype-by-environment or ''GxE'' interaction) (Tai and Young, 1975; Layrisse et al., 1980; Yadava et al., 1980; Ali and Prasada Rao, 1982; Sykes and Michaels, 1986; Raheja et al., 1987; Branch et al., 1990; Grosso et al., 1994; Harch et al., 1995; Hammond et al., 1997; Ku et al., 1998; Upadhyaya and Nigam, 1999; Dwivedi et al., 2000; Andersen and Gorbet, 2002) . In order to ascertain reasonable goals with respect to consistency of seed composition of peanuts, one must know the relative contributions of genotype, environment, and GxE interaction to seed composition.
In 2002, the USDA, Agricultural Research Service, Market Quality and Handling Research Unit in Raleigh, NC (USDA, ARS, MQHRU) implemented a program to evaluate sensory quality and composition of peanuts grown in the Uniform Peanut Performance Test (UPPT) (Branch et al., 2006) . The UPPT is a collaborative program in which advanced breeding lines developed by the several public-sector peanut breeding programs are evaluated for agronomic performance and grade across the three US peanut-producing regions. Beginning in 2002, USDA-ARS personnel applied standard composition evaluation procedures to samples of UPPT entries from each test site, measuring oil content, fatty acid profile of seed oil, and contents of various tocopherols and sugars. The UPPT data set provides a unique opportunity to examine the contributions of genotype, environment, and GxE interaction to variation in seed composition. Each year's UPPT includes 13 to 16 breeding lines and cultivars evaluated at each of 9 locations across 7 states. UPPT breeding line entries generally do not remain in the test for more than two years, but the standard cultivars Florunner and NC 7 are included in all years, providing some across-year orthogonality. Within years, there is perfect orthogonality. The objective of this { ,*,** Denote variance components significantly greater than zero at P,0.10, P,0.05, and P,0.01, respectively, by z-test. { ,*,** Denote variance components significantly greater than zero at P,0.10, P,0.05, and P,0.01, respectively, by z-test. study was to use published UPPT results to estimate variance components associated with environmental, genotypic, and GxE effects on seed composition traits of peanuts.
Materials and Methods
Methodology used by USDA, ARS, MQHRU has been published in annual reports available online (USDA, 2003) . The data from the UPPT include seed composition traits measured on bulk samples from the replicate plots grown at each of nine test locations (Suffolk, VA and Lewiston, NC in the Virginia-Carolina production area; Tifton, GA, Marianna, FL, and Headland, AL in the Southeastern production area; and Denver City, TX, Pearsall, TX, Stephenville, TX, and Fort Cobb, OK in the Southwestern production area). Growing conditions at the specific locations are described in the annual reports of yield and grade of UPPT entries (Branch et al., , 2006 . Processing of the shelled peanuts at the USDA, ARS, National Peanut Research Laboratory resulted in samples separated into medium and jumbo grade size fractions (''sizes'') for runner market types. Whenever possible, both fractions were subjected to analysis of composition. For virginia market type entries, only the extra large kernel fraction was analyzed. During the period of the study, a total of 40 breeding lines and cultivars were evaluated in the UPPT, of which 16 exhibited the high oleic fatty acid trait (Norden et al., 1987; Moore and Knauft, 1989; Knauft, et al., 1993) .
Data from the 2002 through 2005 crop years were used in the analysis. The mixed models procedure (PROC MIXED) of the SAS statistical software package (SAS Inst., Cary, NC) was used to apply restricted maximum likelihood (REML) estimation of variance components associated with year, production region, year-by-region interaction, location within regions, year-by-location interaction in region, genotype, year-by-genotype is the estimate of variance attributable to interaction between environments and grade sizes, and s 2 are the estimates of variances attributable to genotypes; years; regions; year-by-region interaction; locations within regions; interaction of years with locations within regions; year-by-genotype interaction; region-bygenotype interaction; year-by-region-by-genotype interaction; interaction between genotypes and locations within regions; interaction among years, genotypes, and locations within regions; seed grades within genotypes; interaction of years with seed grades within genotypes; interaction of regions with seed grades within genotypes; interaction among years, regions, and seed grades within genotypes; interaction of locations within regions with seed grades within genotypes; and interaction among years, locations within regions, and seed grades within genotypes; and residual effects (experimental error). For purposes of estimation, the number of years (y) was either 1 or 2, the number of regions (r) was 3, the total number of locations (l) was 9, and the number of kernel grades measured per genotype was 1.
Results and Discussion
Because of their influence on processing quality and shelf life, oil content and fatty acid concentrations are among the most important seed composition traits (Ahmed and Young, 1982; Sanders et al., 1995) . Very little genetic variation in measured oil content was noted among the samples, approximately 9% of the total variation (Table 1 ). In the current study, UPPT entries were either runner or virginia market types, perhaps constraining genetic variance, while the environmental representation was wide. Greater genetic variation might have been observed had there been UPPT entries of the spanish or valencia market types. Environmental effects accounted for 61% of the total variation for oil content, GxE effects only 8%, and seed grade (size) within genotype 10%, slightly more than the amount due to genotypes. Almost all of the variation in size was the result of runner-type breeding lines producing appreciable amounts of jumbo and medium kernels. Jumbo runner kernels generally had higher oil content than medium runner kernels.
In contrast to oil content, most measures of oil quality were strongly influenced by genotype (Table 1) , especially the traits that reflected the difference in oleic and linoleic fatty acids conditioned by the high-oleic seed oil trait identified by researchers at the Univ. of Florida (Norden et al., 1987; Knauft, 1989, Knauft et al., 1993) . The high-oleic trait influenced not only the contents of oleic and linoleic fatty acids (67% and 65% genotypic relative to total variation, respectively), but also palmitic (63%) and stearic (34%) acids (Table 2) as well as long-chain species arachidic (48%), gadoleic (42%), and behenic (77%) fatty acids (Table 3) . These effects on specific fatty acids resulted in similarly large genotypic influence in oleic-to-linoleic ratio (78%), iodine value (76%), total saturates (49%), and ratio of polyunsaturates to saturates (78%) ( Table 1 ). Similar genotypic responses of oil quality indicators were not unexpected; the pleiotropic effects of the genes that cause the high-oleic trait in peanut have been reported previously . The only fatty acid that was not strongly influenced by genetics was lignoceric acid for which 97% of total variation was attributed to GxE interaction arising from specific combinations of genotypes, years, and individual locations within regions (Table 3) . Lack of genetic variation in this fatty acid is also reflected in the limited genetic variation value of long-chain saturated fatty acids (15%) ( Table 1) .
Tocopherols were generally less influenced by genetics than were fatty acids as exemplified by the repeatability of a single observation which ranged from 19% to 42% (Table 4) . However, compared with pod yield (data not shown), this range of repeatability would be considered high. Environmental variation in concentration of the four tocopherols and for total tocopherol was greater than variation attributable to GxE. The relative contents of the tocopherol forms were associated with the high-oleic acid trait. High-oleic lines contained less a-(93.6 vs. 99.5 ug/gFW, P,0.01) and b-tocopherols (3.3 vs. 3.5 ug/gFW, P,0.01) and more c-(92.6 vs. 85.2 ug/gFW, P,0.01) and dtocopherol (6.0 vs. 5.8 ug/gFW, P,0.10), although the total tocopherol content was not different (191.2 vs. 195.7 ug/gFW, NS) In contrast to oil and tocopherol contents and fatty acid concentrations, genetic variation for sugar concentrations was low (Table 5 ). There was a preponderance of environmental variation for concentrations of sucrose (69% of total variation), raffinose (37%), stachyose (64%), and total sugars (68%). Sucrose comprises the majority of the total sugars in peanut seeds, explaining the similar findings for sucrose and total sugars. Interaction between years and locations within production regions was the largest single environ-mental factor influencing sucrose and total sugar concentrations. Although they make up only a small part of total sugars, genotypic variability of raffinose and stachyose was 11.2% and 11.9% of total variation, respectively. Variation due to GxE effects was the largest part of total variation for inositol (52% of total variation) and was mostly associated with specific combinations of year, location, and genotype within production regions. The largest contributor to variation for glucose and fructose concentrations was residual error associated with specific samples.
The magnitude of genetic influence on oil content and fatty acid concentrations suggests that these traits are amenable to genetic improvement. Development of cultivars with the high-oleic seed oil trait is already a common feature of all U.S.-based peanut breeding programs. With the recent public interest in biofuels, genetic improvement of oil content may also become a common breeding objective. Alteration of tocopherol profiles also appears to be feasible based on the magnitude of genetic relative to total variation. Low genetic variation of total sugar content suggests that its modification would be challenging. However, modification of raffinose and/or stachyose may be feasible. As was the case for sensory quality (Isleib et al., 2008) , environmental influence on total sugar content of peanut begs the question of which specific environmental factors produce the variation. The importance of specific combinations of locations, years, and production regions suggests highly localized factors.
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